Dr. LEONARD FINDLAY (Glasgow) . AT the outset I should state that in my opinion undiluted cow's milk is not only a suitable food for the generality of infants but is perhaps the best substitute for human milk.
This does not of course mean that I believe in giving unmodified cow's milk. But I am not sure that the modification which I consider essential, is one that entered chiefly into the thoughts of those who suggested the subject for discussion. I feel very strongly that under no circumstances should raw cow's milk be given to the infant, or indeed to any child under five years of age. The milk should invariably be sterilized by boiling or pasteurization.
Cow's milk is more or less, and usually more, contaminated with pathogenic organisms, and in this way it differs very strikingly from human milk. Hence the only way to make it a safe diet for the infant is by sterilization.
I know it is argued-and indeed I have argued in a similar fashion myself-that to recommend such treatment is to divert attention froin the ideal mode of attack, namely, the supply of a pure milk. Although the chance of contamination by the tubercle bacillus can be considerably diminished its complete eradication is, however, apparently impossible. Last summer, Dr. Park, of New York, informed me that in the case of the last six examples of bovine tuberculosis which he had investigated all the infants had been fed on Grade A milk obtained from a well-known model dairy.
Even were it possible to get an absolutely clean and tubercle-free milk from the cow, there are so imany opportunities for contamination in its passage from the source to the consumer, that we cannot be sure that the child is ingesting a clean food. One has only to consider the question of the milkers and dairy workers suffering from ambulatory enteric fever, or dysentery or unrecognized scarlet fever, to appreciate the force of this argument. Then we must take into account the conditions which prevail in the ordinary household. Further, the economic aspect of the question must not be forgotten, for it may be so expensive to obtain what we consider the ideal as to make it prohibitive for any but the wealthiest classes. By all means let us have milk as clean as possible for our infants, but let us remember that a stage is reached along these lines when further refinements, at least, are economically unsound.
In addition to making the milk safe for human consumption, boiling has the further advantage that it makes it more digestible. Boiled milk curdles less readily and less coarsely than raw milk, and thus one qf the undoubted disadvantages of cow's milk is removed. Dr. Janet Lane-Claypon, in a comparative study of feeding with raw and boiled cow's milk, showed that, if anything, the advantage lay with boiled milk. It is possible that boiling may somewhat diminish the nutritive value of milk, but the chief danger of sterilization lies in its tendency to destroy the anti-scorbutic substance; this, however, is a disadvantage which is easily overcome.
WVith this proviso, then, I believe that cow's milk need not be further modified for use by the average infant. There are of course certain pathological states in which modification is necessary, but these I consider are outside the present problem. I propose to discuss the question of modification under three heads.
(1) The Difference between Cow'8 Milk and Human Milk. There are, undoubtedly, radical differences between these two kinds of milk, and at first sight there might seem sufficient reason for the idea that modification of cow's milk is necessary before it can be suitable for the infant's needs. But what are the differences which make one so suitable for the infant's needs and the other liable to cause gastro-intestinal disturbances ? Unless we know the causes of the different reactions to these kinds of milk intelligent modification is obviously out of the question.
All the various constituents of the milk have been blamed in turn; first the protein, then the fat, then the sugar, and finally the salts. Although the fact of the greater amount of protein S-CH 1 [April 24, 1925. in cow's milk, and the fact of this protein being chiefly in the form of caseinogen, suggests that dilution is necessary, the difference is a more subtle one than merely one of quantity. It should be remembered that protein is really effective as such by virtue of the amino-acids Qf which it is composed, and that some of these, especially tryptophane and lysin, are absolutely essential. Now as the lactalbumin in 100 c.c. of cow's milk only amounts to 0 5 grm. cornpared with 10 grm. in an equal quantity of human milk, and since of the two, human lactalbumin is much richer in leucin, lysin and the absolutely essential tryptophane, any modification by dilution is a serious matter. The smaller amount of iron in cow's milk with the tendency to the development of anemia on prolonged milk feeding must also be borne in mind.
There is definite proof that the practice of simple dilution of cow's milk in order to make the various constituents approximate in amount to that found in human milk is wrong. Many workers have shown how widely varied are the proportions of the different amino-acids in different proteins, and how this variation influences the minimal amount of protein upon which nitrogen equilibrium can be obtained. From such experiments tables have been compiled showing the relative values of different proteins: for example, if the amount of human protein necessary be represented by 100, caseinogen of cow's milk will be represented by 128 and vegetable protein by 163. I do not know whether the same rule holds good for fat and carbohydrate but it seems to hold good for calcium, at least the calcium of human milk is better retained both proportionately and absolutely than that of cow's milk. This probably results, however, rather from the medium in which it is suspended than from any difference in chemical composition.
The whole question of the difference between cow's milk and human milk received considerable illumination from the whey-exchange experiments of Ludwig Meyer. After interchanging the whey and curd of the two milks and carrying out feeding experiments on normal children, and also on children recovering from enteritis, Meyer found that the increase in weight and the character of the motions were invariably better with mixtures containing human whey, whether this was combined with cow's milk curd or with human milk curd. He therefore concluded that the different effect of the milks was due to some difference in the whey. He obtained similar results even when the lactalbumin was removed from the whey, and thus the search for the difference between the two milks seemed to be narrowed down to the sugar and the salts. Now, since the different effect of the cow's milk is possibly due to irritation of the intestinal mucosa, it seemed most rational to incriminate the salts, as these are 32 times more abundant in cow's milk than in human milk. The work of Jacques Loeb lent considerable support to this hypothesis. It was on this principle that the idea of " Eiweiss Milch," with its diminished whey content, originated. However, an artificial whey with the salts in the proper concentration and obtained from ashed human whey was anything but satisfactory, so that, whatever the importance of the salts, there seemed to be necessary some organic factor which had been destroyed in the process of ashing.
But although we do not know the real cause of the difference between cow's milk and human milk, we know enough of the chemical composition of both to realize that the difference is so fundamental that the rational modification of cow's milk is impossible; in fact the humanization of cow's milk is a mere figment of the imagination, The protein itself defies transformation. It would require to be broken up into its constituent parts, as in digestion, and then to be rebuilt as it is by the human tissues before we could speak of modifying it so that it would simulate human milk; and even then the protein supplied would need to be perfect. Dudley and Woodman I have shown that after racemization of different proteins (sheep and cow caseinogen) optical activity reveals fundamental differences in the intramolecular structure of some of the amino-acids, especially in the case of lysin and glutaminic acid, and they conclude that each species of protein is specific.
Thus it would seem that any rational modification of cow's milk is impossible.
(2) The Available Scientific Proof that the Child is Unable to Digest and Absorb Cow's Milk. The pathology of nutritional diseases in infancy is in a most unsatisfactory state. Many theories have been suggested to account for malnutrition, and the amount of chemical and metabolic investigation conducted to elucidate the problem is immense. From a study of the different systems of nutritional disease suggested I can but conclude either that diseases I Biochemical Journal, 1915, lx, p. 98. vary in their type in different parts of the world, or that the Glasgow babies are formed on a special plan. In short, the systems do not work. Clinically at least, they do not fit in with the reality as I see it in Glasgow.
Though I myself have not done any work on metabolism, I have had associated with me at the Royal Hospital for Sick Children, Glasgow, Dr. Fleming, Dr. Hutchison, and Dr. Muriel Brown, who have all made serious investigations in this field. The problem which we set ourselves to study was whether badly nourished infants could digest, absorb and metabolize the proximate principles of cow's milk as well as the normally thriving infant does. Balance experiments were undertaken and the respiratory exchange was studied. The study of the behaviour of protein and fat was straightforward, as either the substances themselves or their end products could be isolated and estimated; but in the case of carbohydrate the question was quite different, because owing to fermentation in the intestine its end products (CO2 and H20) were imponderable. Dr. Muriel Brown, however, attempted a solution of this aspect of the subject by studying the fasting sugar level and the blood-sugar curve, after the ingestion of glucose in different diseases, and with different diets. With the exception of a low, fasting blood-sugar level in the presence of vomiting there was no evidence that the marantic or non-thriving infant was less well able than his well-nourished or normal brother to deal with these food-stuffs.
One point of significance, however, did emerge from the experiments and supported our clinical experience with undiluted milk feeding. Dr. Hutchison found that as the marantic irnfant improved while on a constant protein intake the daily retention of nitrogen diminished, a fact which seemed to indicate a previous state of starvation; this did not refer of course to children with vomiting and diarrhcea. The dietary histories of many of these children showed pretty conclusively that they had been starved, and recovery not infrequently resulted from administering food presenting the requisite or proper amounts of nourishment. In fact, so far as our hospital material is concerned, most cases of malnutrition could be divided into two classes, (1) those in which the malnutrition was due to inanition, and (2) those in which it was due to enteritis, possibly of an infective nature. It is true that occasionally in private practice one sees a child in whose case the underlying cause seems to be an inability to absorb fat, since diminution of the fat intake improves the state of nutrition, but I have never had an opportunity of undertaking a balance experiinent to test this hypothesis.
The points in the problem requiring solution are of course numberless, and we do not pretend to have touched more than a mere fringe of the subject, so that any conclusions which I am inclined to draw are only tentative. Nevertheless there does not seem to be any evidence that the poorly-nourished child, in the absence of enteritis, is marantic because he is not able to deal efficiently with the various proximate principles as presented in cow's milk.
(3) The Results of Clinical Experience.
Finally, as against the need for modification, other than stated . in my introductory remarks, is the fact that the majority of children digest and thrive quite well on undiluted cow's milk. I am not here speaking of cases of enteritis but only of children who suffer neither from vomiting nor from diarrhcea. It must be remembered, however, that vomiting and diarrhcea, or, at least, frequent and small loose stools with much mucus, may occur in cases of inanition, and may be mistaken for the result of gastro-intestinal irritation.
I have tried diluted m-ilk with sugar, and with or without the addition of cream, milk acidified either by fermentation or by the addition of lactic acid, and peptonized milk, but I have always returned to the use of undiluted cow's milk as it has given me the best results.
I have also employed extensively citrated milk but I cannot convince myself that superior results are obtained in this way.
Such, then, are the reasons for my faith in unmodified cow's milk as a suitable food for the generality of infants. I do not wish it to be understood for one moment that I would administer unmodified cow's milk no matter what the condition of the child might be. For instance, in the presence of enteritis or in the case of very young infants, that is, during the first three weeks of life, I am a firm believer in " Eiweiss Milch," which, I think, owes its beneficial effect to its small carbohydrate content, its high protein content, and probably, to a great extent, to its diminished salt content. In this type of milk the nutritive elements are apparently suspended in the most suitable medium, and there results, in consequence, the least irritation to the intestinal mucosa. But as the child ages these structures become more resistant to deleterious agents and modification of the milk is less and less called for. of protein in breast milk. He also asked what was the evidence of the decomposition of protein in the bowel, mentioned by Dr. Pritchard. Also, what was the evidence of absorption of toxins; what were those toxins, and what was the evidence that they caused damage to the liver and kidneys? With regard to the statement that one-third of the protein only was broken down and absorbed, the results obtained in these investigations showed that 70 to 90 per cent. of protein was broken down in the alimentary tract and absorbed.
With regard to the acidity of cow's milk, he agreed that his "sighting-shot " was not always successful, and that sometimes it was advisable to acidify the cow's milk. Before three months of age the hydrogen-ion concentration of the gastric juice was low, and to acidify milks before that age was asking for trouble. What was Dr. Pritchard's evidence that this method of feeding produced excessive acid ? It was not in accordance with his (the speaker's) findings in Birmingham. For the acidification of cow's milk he had used citric acid 2 gr. to the ounce, N/10 HCI and lemon juice.
He would like some evidence from Dr. Thursfield as to fat indigestion, as he (the speaker) had not found it unless the baby was suffering from diarrhoea. Dr. Thursfield also said that after they had attained the age of three months marasmic children did well, but what proportion of marasmic children did he (Dr. Thursfield) see under three months old? It was rare to come across many such children unless they were subjects of pyloric stenosis or pylorospasm.
He agreed with Dr. Findlay that starvation was the factor which needed combating in the large majority of wasted children. This might be due either to diarrheea, or to some fault in the amount of food given. It was important therefore that a sufficient amount of protein and fat should be given, the milk being modified only by boiling and by the addition of water and dextri-maltose.
Dr. FINDLAY (in reply)
said that the whole question turned on clinical experience; the ultimate test was the child. Every year brought forth some new modification in infant-feeding; in nearly every hospital one visited the physician in charge had a special panacea, and he practically stated that his was the only method of successfully rearing children. But if the truth were known it would probably be found that he had run the whole gamut of the known modifications and that the lauded panacea was only his latest preference. He (Dr. Findlay) did not think that the babies in Glasgow differed from those in London and Birmingham, and consequently he doubted much of what was said about the special reactions. Was there, he asked, any real proof that breast-fed babies were better in health than bottle-fed babies, unless among the very poorest classes ? Who, in fact, were the mothers that fed their children mainly at the breast? Those of the poorer classes, certainly so far as Scotland was concerned. The average better-class mother was not so fit to suckle her infant as her poorer sister. Yet who had the bigger child at the end of a year? Was there, too, real evidence of damage to the liver or kidney, such as had been mentioned, or interference with development as the result of feeding infants on undiluted cow's milk ? In this connexion he would mention the case of twins which he had the opportunity of observing during a visit to Pirquet's clinic. One of the twins was being fed on the principles laid down by the Lister Institute school of thought, i.e., on a diet rich in vitamins A and C, and the other on a diet very poor in fats and these vitamins, because Pirquet did not, at least at the time, consider them necessary. Both children developed equally and well. Both children contracted influenza at the same time, and it was interesting to record that it was the child which had been fed on the fat-and vitamin-poor diet that recovered and regained its weight most
rapidly.
An interesting point was that of curds in the stools, often taken as evidence of inability on the part of the child to digest proteins. In his experience, everything pointed to their presence being due to some change in the milk rather than in the child, since it would happen that when the curds did appear, all the children in a ward would be affected. He (Dr. Findlay) said he had little doubt that in Glasgow at least, many cases of wasting were due to insufficient nourishment. If there was slight vomiting or an attack of curds, the doctor or nurse in charge got the idea that the milk was too strong. The milk was therefore diluted, with consequent diminution in the amount of nourishment obtainable from it; the child continued to cry, in fact it cried worse, but from hunger, and the process of dilution was carried still further until the child was only getting one or two ounces of milk in the day. That was revealed by many of their case histories both in hospital and private practice, and improvement only set in (and as a rule did so immediately) when the child was given its calorific requirements.
A remark had been made on the need for application of the different clinical pictures produced by different types of food intolerance, but at the present moment we did not know these pictures. At one time he (Dr. Findlay) had thought he could recognize "fat dyspepsia," of which so much had been made by various writers. It had been stated, for example, that by examination of the stools with Sudan III it was possible to tell whether or not they contained an excessive amount of fat. Neither he nor his co-workers had been successful in the use of this test, and when it was appreciated, from the work of Dr. Harry Hutchison, that: the fat-content of a non-diarrhoeal stool of a marantie, infant when examined chemically contained the same amount of fat as that of the normal infant-some 30 per cent. of thedried matter-the futility of such a ready test would be apparent. Nevertheless, he was of opinion that some children who did not thrive on full-cream milk throve on half-cream milk with the addition of carbohydrate. Whether this was due to the diminution of the fat allowing of better absorption, or simply due to the additional amount of carbohydrate, was a point that at present remained undecided, as Rosenstein had shown that equally goodL results were obtained by the addition of carbohydrate, whether the fat intake was diminished or not.
In conclusion Dr. Findlay remarked on the fact that although Dr. Pritchard had enumerated the tremendous differences (affecting in all thirty substances) between cow's and human milk, he (Dr. Pritchard) nevertheless appeared to have paid all his attention to the proteins.
Dr. ERIC PRITCHARD (in reply) said he had not thought it necessary in his address to enter upon the question of indigestion from excess of protein other than that due to motor disturbances of the stomach. Evidence of this was furnished every day by washing out the stomach and finding curd three hours after the ingestion of milk. What he had referred to, chiefly, were the disturbances of inner netabolism and those of liver and kidney function, symptoms more definitely seen in older children. In infants the clinical picture of protein decomposition was very clear: there were alkaline and offensive stools and a muddy complexion-some considered that by t'his greyblue complexion they could at once recognize children so poisoned. There was also stupor and other evidence of poisoning by the toxins produced by the bowel and absorbed into the system. Dr. Parsons rightly said that the lactalbumin in the milk was par excellence the protein for growth, and he also asked, as there was only a small proportion of it in cow's milk, what chance was there of increasing the amount by modification 2 His (the speaker's) reply was, that the whole point of scientific modification was to secure any required percentage of composition. Dr. Parsons said it was asking for trouble to give acidified milk to children under three months of age; if that were so, he (the speaker) feared he was courting disaster every day of his life. But the results he got did not bear out Dr. Parsons' belief.
